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Four statistically designed expaimental programs using 
various Appalachian and Western Canadian coal blends were 
iran in CANMET's 460mm (18 inch) movable wall oven. 
Coal properties in combination with cokemaking conditions 
f^cTQ Studied. Factors inchided coal petrography, rheology, 
Fchemistry, b\ilk density, carbonization rate and final coke 
temperature. Coke quality parameters including CSR, coal 
!diarge characteristics and pressure generation were analyzed. 
Regressions developed in Phase 1 were improved when coal 
^properties were included in the anatysis along with 
Icoketnaking conditions. 

^ 1. BACKGROU>a) 



ifAs mentioned in "Simulation of Industrial Coking - Phase 
^fl>/' \ for a fixed coal blend in an industrial wet charged 
^JMtery, there is limited means to control coke quality. It is 
^pi^sirable to determine the effect and magnitude coke plant 
^l^tt-ating conditions have on coke quality parameters, 
|^M>ecially CSR. Two 2^^*' factorial design experiments were 
^^l^performed, one using a typical industrial Appalachian coal 
itt^^i^d and the second an equivalent rank Western Canadian 
1^ j?^ blend The factors and levels studied are shown in Table 
^1^:?^: Coal rheology and time to perform the experiments were 
also studied to determine if deterioration in coal properties 
j^ftjijpfl^enced the final coke results. Six runs were also 
:5^^:P«^^ center and three standard movable wall 

b "iHOVen conditions. 

; -f ; M the data was evaluated statistically using a stepwise 
J^|;?egrcssion procedure at a 95% confidence level for the 
i:j^4^-4?Pcndent variables and also for the final regression 

:J^|v,^*l^tions. 



The conditions chosen were thought to more realistically 
simulate actual conditions in an industrial oven, especially 
using oil additions to control bulk density. Highly significant 
relationships were developed for ASTM and oven bulk 
density, wall and gas pressure, coke stability, coke size and 
coke apparent specific gravity (ASG). However, regressions 
for C^ were less than expected. Coal charge moisture/bulk 
density was the only significant regressor in the study. 
Previous work by Canmet^ had shown that carbonization rate 
and soak time both influence CSR, but those tests were run 
under constant coal moisture/bulk density conditions. These 
results could not be dupHcated in Phase 1 . Also, coke texture 
did not change significantty within the heating conditions used. 
However, there were two distinct levels of CSR between the 
coal blends used, this being attributed to the differences in 
coal ash basicity between the blends. 

Most coke strength models in the literature are based 
primarily on coal petrographic properties. Most CSR models 
are based on coal chemical, rheological and or petrographic 
properties. Usually, modelling both these coke properties 
involves using constant standard movable wall oven 
conditions. However, neither of these two coke quality 
parameters have been modeled using both coal properties and 
coking conditions together. For properties like coke size and 
stabiUty, coking conditions are the most significant factors 
because the coal properties required, especially for stability, 
are fixed in a very ispecific range. This is not necessarily true 
for coke CSR If stability is fixed at 60% or greater, coke 
CSR can vary dramatically depending on the coal ash and ash 
chemistry, coal rheology, coal petrography and coking 
conditions used. 

By combining coal properties and coking conditions 
together in one experimental design, we will be able to better 
understand the interrelationship that exists between them and 
their combined effect on final coke quality. Factors include 
coal charge bulk density, carbonization rate to 900**C, final 
center temperature, coal rank, coal rheology and coal ash 
chemistry. 

Table I Phase 1 Conditions 



Factor 


Low 


High 


%-3min 


75 


85 


%H,0 


3.5 


9.0 


%Oil 


0.0 


0.3 


Heating Rate to 
900«C(mm/hr) 


25.4 


343 


Final Center 
Temperature ("C) 


950 


1100 



00 

I 

m 
o 
9 
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2. EXPERTMKNT^ L METHOns 
2.1 Cokiny Conditions 

In the previous factorial design program ^-^ five variables 
tvere chosen. Based on the statistical analysis of the data, it 
was found that the variables coal moisture, coal grind and oil 
additions could be grouped into one variable, bulk density 
(Table n): 

Table n Bulk Density 



B. D. 


ASTMB, D. 


Coal 


Coal 


Oil 


Aim 




H20 


%-3nim 


(%) 






(%) 


(%) 


Low 


625-657 


9.00 


85.0 


0.00 


Center 


705 


6.25 


80.0 


0.15 


HiRh 


785-833 


3.50 


75.0 


0.30 



Therefore, it was decided that further studies would contain 
only three cokemaking variables, i.e. ASTM bulk density, 
carbonization or heating rate to 900^*0 and fmal coke 
temperature as shown in Table III. 

Table m Phase 2 Conditions 



Variable 


Low 


High 


Center 


ASTMBJ). 
(kg/cm') 


641 


801 


721 


Healing Rale to 
POO'-C (iran/hr) 


25.4 


34.3 


30.0 


Final Center 
Temperature (°C) 


950 


1100 


1025 



This would then be run as a full 2' factorial design for a total 
of eight movable wall oven tests, plus center conditions. 

Z.2 Coal Properties: 

in considering coal properties, the following should be 
considered 



(a) 

(b) 
(c) 



composition: low volatile, medium volatile, high 

volatile coal composition, 

petrography: vitrinite reflectance, reactives, inerts, 

rheology: maximum fluidity, fluidity temperature 

range, contraction, dilation, FSI, days to complete 

tcstwork. 

chemistry: proximate analysis, ash chemistry. 



Other points to be noted in designing the program were that: 



(a) 



(b) 



(c) 



(d) 



EXHIBIT C" 
2 of 17 
ISP0086 



Coal blends must meet a minimum 58% predicii 
stability so that CSR would not be dep^dent?! 
restricted by cold strength of the coke, ; -1 

Inert levels are essentially fixed within a spec^ 
range because of restricting coke stability to ^ 
minimum 58%, -v^*;^ 
Rheological properties are achieved by 



coals. Coal rheological properties were nott6^ 
artificially altered by heating them to induce 
oxidation, . 
There exists a restriction in using a factorial de^ 
for coal properties. Consider reflectance, fluijjl 
and ash basicity as seen in Table IV; 


Ti 


ible IV Coal Properties Factorial ^ 


Run 


Ro (%) 


Max. Fluidity 
(ddpm) 


AshBasicitv^ 


1 




+ 




2 




■ + 




3 


+ 






4 






■ 


5 


. + 


+ 




6 




■ + 


■ 


7 


+ 






8 











Certain requirements of the design cannot be^ 
because of the nature of coal: for example nmSvl^ 
5 and 8. Using runs 1 and 8 respectivclyll^ 
exanq)le, in Appalachian coals if coal reflectanpfti 
hi^ ie. 1 .60%, typical fluidity for these coals \sT 
than 500 ddpm and for a low reflectance, i.e. LO 
typical fluidity for these coals is greater than 15 
ddpm. Therefore the requirements of the 
cannot be met. 

One way to avoid this problem is to run 2^ factorial 
for several blends using the design described for „ 
conditions. That is, select several blends that would giv0 
adequate range in the above mentioned coal properti^l 
addition to an industrial range in CSR. Blend selection;^* 
fomulated keeping in mind that the purpose of this studly l| 
to simulate "industrial" conditions. 

For each coal blend series, a total of 19 runs 
performed i.e, 8 for the low blend condition, 8 for the fiij 
blend condition and 3 center conditions. Foiir coal 
were run for this study. The component coals are show^ji 
Table V. The coal blends used are described in Table V!^| 
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Table V Coal Properties 





ATf 
COALL 


6 

COAL J 


1 

1 COALS 


WCC7 
COALLW 


COALP 


APP 
COAL MM 


8 

COALB 


1 

1 COAL MM 


COALS 


APPAVCC9 
COALLW 


COALP 


COALB 


CHEMISTRY 
ASH 


(%) 


5.30 


5.10 


6.00 


9.70 


6.30 


5.40 


5.30 


5.60 


7.14 


8.99 


8.26 


5.24 


VM 


(%) 


16.80 


35.10 


17J0 


21.80 


31.50 


18.80 


31-00 


18.33 


17.48 


22-05 


27.10 


31.14 


FC 


(%) 


77.90 


59.80 


76J0 


68.50 


6X20 


75.80 


63-50 


. 76.07 


75.38 


68.96 


64.64 


63.62 


S 

SI02 




0.72 


0.96 


0.38 


0.38 


0.45 


0.69 


0.79 


0.80 


0,41 


0.44 


0.67 


0,80 


0*) 


47.90 


51.30 


52.80 


59.40 


57.80 


49.00 


53.20 


49.16 


52,91- 


59.09 


61.68 


53.21 


AL303 


(%) 


31.10 


30.00 


30 JO 


30.80 


25.80 


33.20 


29.70 


31.99 


29-46 


3030 


27,22 


3033 


CAO 


(%) 


3.00 


l.IO 


3.60 


1.40 


1.80 


XIO 


1.50 


233 


3.65 


1.35 


1,68 


131 


MGO 


(%) 


0.90 


0.90. 


OJO 


0.20 


0.60 


1.00 


0.90 


1.59 


0,52 


030 




0-96 


FB203 


(%) 


9.90 


9.50 


3.30 


2J0 


3.90 


8.30 


6.70 


7.04 


, . 4.92 


3.68 


2.94 


7.92 


K20 


(%)' 


0.80 


2J0 


0.40 


0.70 


1.30 


XIO 


3.40 


233 


037 


037 


1.20 


239 


HA30 


(%) 


1.20 


0.50 


0.90 


0.00 


0.00 


0.70 


0.80 


0.89 


1.01 


0-17 


0.17 


0.63 


■no: 


(%) 


1.70 


1.60 


1.50 


2.10 


1.60 


IJO 


130 


1.30 


1,32 


1.88 


1.48 


1.50 
0.26 


P205 


(%> 


0.20 


0.60 


1.40 


1.20 


1.90 


0.60 


0.30 


0.34 


1.17 


0.93 


1.32 


KHEOLOGY 




























FSI 




7J 


7.0 


4.5 


. 7.0 


8.5 


8.5 


8.0 


9.0 


7.0 


7.0 


83 


73 


OIESELER 


























START 


CQ 


451 


391 


- 


435 


415 


443 


393 


442 


458 


441 


420 


395 


FUSIpK 


(Q 


467 


405 




447 


427 


461 


409 


437 




455 


432 


411 


MAX.FLUU} 


(C) 


478 


438 


479 


463 


451 


478 


447 


476 


479 


473 


456 


447 


FDUL 


(Q 


497 


480 




487 


474 


497 


485 


500 


492 


489 


483 


487 


SOLID 


(C) 


502 


483 


494 


490 


478 


502 


488 


504 


498 


493 


488 


490 


aUID RANGE 


(Q 


46 


89 




52 


59 


54 


90 


58 






■ 63 


92 


MAxauiDnr 


(DDPM) 


21 


28000 


0.9 


35 


290 


24 


13700 


60 


3 


15 


255 


19186 


ARNU 
























conthact 


(%) 


31 


30 


27 . 


25 


29 


26 


25 


12 


22 


28 


28 
69 


24 


DltATlON 


(y.) 


25 


246 


- 


10 


35 


41 


260 


65 


-7 


0 


267 


■n 


(C) 


435 


352 


444 


408 


382 


413 


360 


421 


429 


402 


385 


352 


T2 


(C) 


467 


410 


300 


456 


433 


430 


405 


447 


468 


449 


431 


407 


13 


(O . 


498 


468 


- 


482 


465 




462 


483 


493 


476 


461 


456 


PKntOGSAFHY 




























V6 


(%) 


- 




- 


. 


- 


- 














V7 




• 


- 


- 




0.80 
















V8 


(%) 


- 








23.40 












1.40 


5.40 


V9 


pt) 


- 


9^ 


- 




37.80 




5.00 








5.00 


28.80 


VIO 


(%) 


- 


43.40 






11.30 




14.90 




- 




19.10 


2830 


vii 


(%) 


- 


16.80 




9.90 


2.30 




40 JO 






050 


31.90 


4.70 


V13 


(%) 


- 


- 




16.60 






10.60 






14.80 


1130 




V13 


(%) 


- 




- 


20.70 


- 


0.80 








31.10 


2,10 




V14 


t%) 






0.60 


4.70 


- 


1.30 




1.50 


1-20 


4.60 




VI3 


C%) 


7.30 




14.10 






16.00 


- 


14.90 


1.30 




- 




V16 


(%) 


42.20 




2X70 






39.80 




37.10 


3330 








vn 




16.50 




15.20 






18.30 




20.80 


13.00 




- 


- 


Vi8 


(%) 






4.00 












1.20 


- 






Vl9 


(V.) 
























vrnuNrrc 


(%) 


66.00 


70.00 


56.60 


51.60 


73.60 


76.40 


70.80 ■ . 


74.30 


61.70 


51-00 


70.80 


67.20 




(%) 


O.OO 


7.20 


O.OO 


0.00 


3.20 


0.00 


5.60 


0.20 


0.00 


0.30 


2.40 


6.60 


i':; ; RESINTTE 




O.OO 


0.00 


0.00 


0.00 


0.00 


0.00 




0.00 


0-00 


0.00 


0.00 


0.00 


5S SEMlFUSINrrE 
S;.- MICRIKTIE 
FUSINITE 
:^*^NBRALMATreR 

j ;; RfiAcnvE 

^: INERT 
MEANRo 


C/.) 
(%) 


19.30 
7J0 


11.30 
6.30 


27.80 
4.50 


33.80 
1.90 


12.90 
0.70 


9.90 
3.40 


930 
7.0O 


9.20 
3.10 


10.30 
530 


15.90 
4.60 


10.90 
2.40 


5.80 
10.40 


(%) 


4.40 

3.00 
72.40 


2.20 
3.00 
81.00 


7.80 
3.30 
70^ 


6.90 
5.50 
68.80 


4.10 
3.50 
83.10 


5.20 
3.10 
79-70 


4.10 
3.20 
79.50 


5.40 
3.20 
79.10 


8.40 
4.00 
71.90 


7.20 
3.10 
67.20 


3-30 
4.70 
78.70 


4.10 
3.00 
76.70 


C/-) 


27.60 


19.00 


29JO 


31,20 


16.90 


20 JO 


20J0 


20.90 


28.10 


32.80 


2130 


2330 


(«) 


1.65 


1.05 


1.65 


1.28 


0.94 


1.64 


I.I3 


i.65 . 


1.65 


133 


1.13 


I.ll 



L - Appalachian low volatile coal 
^ } • Appaladiian high volatile coal 
^ ? • Western Canadian low volatile coal 
I «^ ' Canadian medium volatile coal 

Ij Western Canadian high volatile coal 
|j MM . Appalachian low volatile coal 
M B - Appalachian high volatile coal 
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Table VI Coal Blends 



Series 



Code 



Low 



Cento 



High 



Appalachian 6 



App6 - 



15%L/85%J 



25%L/75%J 



Western? 



Wcc7 



I0%S/45%LW/45%F 



20%S/40%LW/40%F 



30%S/35%LW/35%^pS 



Appalachian 8 



App 8 



15% MM/ 85% B 



25% MM/ 75% B 



3 5% MM / 65% b: 



Appalachian/ 
Western Canadian 9 



App/Wcc9 



5% L / 5% S / 20% LW/ 3 5% 

35% F 



B/ 



10%L/ 10%S/ 15%LW/ 
32.5% B/ 32.5% F 



1 5 % L / 1 5% S / 1 0% LWM 
30%B/30%F 



When analyzing the data from the first three series i.e. App 6, 
Wcc 7 and App 8, a definite bimodal distribution existed for 
coal properties because of the inherent differences between 
Appalachian and Western Canadian coals. The fourth series 
was used to eliminate this. 

2.3 Movable Wall Oven: 

Movable wall oven tests are used to simulate the coking 
process of an industrial coke oven. Conditions are chosen 
such that the resultant coke shows similar properties to that 
produced in an industrial oven. At CANMET, the 460 mm 
movable wall oven is used to study wall and gas pressure and 
coke quality i.e. size, apparent specific gravity (ASG), cold 
and hot strength. For the 460 mm movable wall oven, the 
standard conditions used are as follows: 



Coal Grind 
Coal Moisture 
Oven Bulk Density 
ASTM Bulk Density 
Constant Flue Temp. 
Carbonization Rate 
Push 



80%-3mm 
3.0-3.5% 
817i8 kg/m' 
778kg/m^ 
1250"C 

34.3 mm/hr to 900*'C 

3 hours after center temperature 

reaches 950*'C 



The coal blend is dried to raise the ASTM bulk density to 778 
kg/m'- This leads to the aim oven bulk density for the 
movable wall oven. For this series of tests as with an 
industrial oven, oil additions were \ised to raise coal charge 
bulk density. 

3 H JRegres sion Analysis: 

As described in "Simulation of Industrial Coking - Phase 
1 ahova analysis was not successful for the analysis of the 
data because of the differences between the aim and actual 
values. This lead to inconclusive results. It was decided that 
regression analysis was the preferred method.*- ^ 

A stepwise regression procedure was \ised to analyze the 
data. For a model to be accepted, the following criterion was 



used: 

a) 
b) 

c) 

d) 

e) 



A 95% minimum confidence level for the m6de|^ 
A 95% minimum confidence level for the depe 
variables, -^^^ 
Model residuals to have a mean of zero, be no 
distributed and be independent. 
Dependent variables are not to be signifibiantj 
correlated with each other and, 
Por eadi effect added to the model, there must te^ 
corresponding decrease in the model root 
square error for the effect to be valid. 



Besides the main effects and two factor interactions^ o*' 
parameters of interest include: 



a) 
b) 
c) 



Soak Time, 
Days, 
Rheology: 



FSI, total dilation, log I 
fluidity, fluidity 
range, 

d) Petrography: mean maximum reflectance (Ttt^ 
inerts, reactives, 

(e) Chemistry: coal volatile matter (daf),.c(^ 

and coke ash, coal and 
basicity, coal and cokc v.^^ 
basicity, 

(f) Coke Texture: inerts, coke mosaic size indd^*^ 

Several of these terms and those used in the regressiwis i 
defined in Appendix A. Two. factor interactions were incl^^ 
only if their main effects were significant 

Other statistical information of importance is: 

a) = Variance accounted for^ by the liiodel; | 
explaining the response. . . .| 

b) RMSE = Model root mean square error. v| 

The responses measured include: 

a) coal charge properties: bulk density, 

b) movable wall oven: pressure (wall, gas), yield, 

c) coke quality: size, strength, reactivity, texture-j 
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4. RESULTS 
4.1 Main Effects-Phase 1 Mcthodolofv: 

Regression analysis was perfoimed for each series using 
the parameters described in Phase 1, i.e. coal moisture, grind, 
oil, final center temperature, coking rate to 900*'C , fluidity 
and days. This was repeated for each series replacing coal 
moisture, grind and oil with ASTM bulk density. The data 
from the four series was then combined into one data set from 
which the data was further analyzed. The results using Phase 
1 methodology for this combined data set is shown in Table 
VII and Table Vin. Results from the individual series are 
available from the authors and are not included in this paper. 
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Results of the analysis showed that the regressions 
developed in Phase 1 (Appendix 2, Table I) were reproducible 
in Phase 2. Regression parameters were similar and their' 
associated numerical coefScients were found to be of the same 
order of magnitude. This is best illustrated when comparing 
the equations when coal moisture, coal grind and oil additions 
are combined and included in the regressions as ASTM bulk 
density (Appendix 2, Table II). With the expanded data base 
because of using four different coal blends, the statistics such 
as variance accounted for was lower and the root mean square 
error higher than in Phase 1 . This is a positive result since 
coal factors, which have not yet been included, are expected 
to influence the resulting coke quality parameters which will 
be discussed later in the paper. 



Table VII Regression Analysis Using Phase 1 Methodology 



Parameter 


IntcrcqTt 


CoalH20 


CoaDj 


Oil 


FCTcmp 


HR900 


Days 


Prob>F 


RMSE 




Range 


ASTMB.D.(kg/csnO 


909.243 


-33.041 












0.000 J 


15.984 


0.967 


589.5-820.0 


Oven BJ). (kg^cm^ 


895.26 


-23.675 




82.889 








0.0001 


12.255 


0.971 


662.2-857.9 


Log Max WaU Pressure 


6.54 


-0.17 


-0.047 










0.0001 


0.594 


0.573 


0.16-3.88 


Log Max. Gas Pressure 


4.073 


-0.401 












0.0001 


0.910 


0.544 


-0.37-4.41 


ASG 


0.927 


. -0.0172 






0.00015 


-0.0028 




O.OOOl 


0.026 


0.790 


0.788-0.982 


Cokerield(%) 


107.992 


1.063 


-0.507 










0.000 1 


2.530 


0.281 


64.7-78.8 


Slean Coke Size (mm) 


107^15 




-0.137 


-18.43 




-0.998 




0.0001 


2.054 


0.770 


53.6-75.2 


f75mm(%) 


61.104 




0.38 


-16.33 




-2.077 


0.073 


O.OOOl 


4.294 


0.767 


11.0^.4 


-75+50mm(%) 


42.693 


0.301 










-0.073 


0.0001 


3.458 


0.233 


35.4-53.4 


•23iiim{%) 


-5.48 


-0.166 


0.091 






0.096 


0.037 


0.0001 


0.638 


0.616 


3.3-9.1 


Stability (%) 


59.041 


-0.774 






0.0155 


-0,505 


-0.034 


0.0001 


2.597 


0.626 


43.7-60.8 


H»nlneas(%) 


56.834 


-1.185 




8.961 


0.0U9 






0.0001 


1.619 


0.874 


55.5-70.1 


DDO/U (%) 


97.076 


-0.161 








-0.069 


-0.015 


0-0001 


0.884 


0.322 


90.5-98.4 


01150/13 (%) 


91.348 


-0-566 








-0.189 




0.0001 


1.777 


0.535 


74.9-96.3 


CSR(%) 


65.105 


-1.463 












0.0001 


5.553 


0.305 


41.0-69.2 
























21.5-31.6 



m 

Mil 



Mi 



Km 



Table VIII Regression Analysis Using Bulk Density 



^ Max. Gas Pressure 

^-VieidC^/o) 
^|^«»nCokc Size (nun) 

" ?^50nun(%) 




Intercept 


ASTM B.D. 


FCTcmp 


HR900 


Days 


Prob>F 


RMSE 


R» 


-3.888 


0.0080 








0.0001 


0.579 


0.598 


-7.208 


0.0125 








0.0001 


0.864 


0.589 


0.407 


0.0005 


0.00016 


-0.0021 




O.OOOl 


0,022 


0.842 


74.810 








^.046 


0.0175 


2.692 


0.075 


112.790 


-0.022 




-1.094 




0.0001 


2.228 


0,723 


125.158 


-0.047 




-2.174 


0.085 


0.0001 


4.647 


0.727 


55.516 


-0.014 






-0.066 


O.OQOt 


3.506 


0.211 


0.392 






0.108 


0.039 


0.0001 


0.704 


0.523 


37.180 


0.025 


0.014 


•QA9Q 


-0.036 


O.OOOl 


2.519 


0.653 


15.220 


0.050 


0.013 




-0.019 


0.0001 


1.370 


0.909 


92.319 


0.005 




-O.063 


-0.016 


0.0001 


0.875 


0.336 


72.464 


0.020 




-0.128 


-0.024 


0.0001 


1.646 


0.593 


22.729 
31.922 


0.049 
-0.008 






-0.069 


0.0001 
0.0519 


5.163 
2.835 


0.399 
0.049 



1998 ICSTI/IRONMAKING CONFERENCE PROCEEDINGS - 1027 



Appl. No, 09/846,829 
Filed 05/01/2001 



6 of 17 
ISP0086 



Similar to the results in Phase 1 . oil additions of 0.1 5% and 
0.30% at 6% and 9% coal moisture, respectively, were not 
adequate in raising the ASTM bulk density to the standard 
3.5% moisture of 778 kg/m' or the oven bulk density to 817 
kg/an'. Coal moisture was the most predominate factor for 
both the ASTM and oven densities. 

From Tables VH and VUI, the major influence that coal 
moisture, hence bulk density, has on subsequent coke quahty 
is clearly demonstrated. High moisture levels i.e. low bulk 
density, lead to a decrease in coke ASG, strength and CSR. 
Lower charge bulk density lead to lower wall and gas 
pressures as seen in Figure 1 . Similar to Phase 1 , at 6% and 
9%, there were no significant differences between the blends 
and the pressures were quite low. 




Jm 



30 55 « 
I>t«(icttdCSR(K) 




5 6 7 

Coal Mai itvire(%) 



Figure 1 Max. Wall Pressure versus Coal Moisture 

For coke ASG, cold strength and size, the effect of a slower 
coking rate or heating rate is also seen along with a high and 
adequate final center temperature. The influence of days 
which represents some form of deterioration in coal 
rheological properties is also indicated. Coal storage time 
lead to a lower coke quality, in particular coke size, cold 
strength and CSR. Similar to Phase 1,.CSR was strongly 
influenced by the coal moisture levels used. This is shown m 
Figure 2. The influence of the other cokemaking variables 
were not significant, however, the analysis did not inchide coal 
properties at this time. 

Coke ASG relationships developed in Phase 1 were 
repeated for each coal blend series and the results are shown 
in Table IX. The relationships between log wall pressure, 
stability, hardness and CSR are shown in Figures 3-6. 



Figure 2 Actual CSR versus Predicted CSR ; ;|^ 
Table K ASG Relationships 



Log Max 
W.U 
Pressure 



Log Max 
Pressure 



Mean Coke 
Sire (mm) 



App6 
Wcc7 
App8 
AppAVcc9 



Stability 



Hudneu 
(%) 



DI3015 



DIl50n5 
(Vo) 



App6 
Wcc7 
App8 



App6 
Wcc7 
App8 
AppAVcc9 



App6 
Wcc7 
App8 



Appfi 
Wcc7 
App8 
App/Wa 



CSR 
(%) 



OR] 
(o/o) 



App6 
Woe 7 
App8 
At?pAVcc9 



-5.586 
-6.749 
-14.822 
12.688 



-14.631 
-9.785 
-22.329 
-17.129 



5.113 
-1.621 
12-490 
■0.329 



-10.331 
-5.736 

-14.042 
-8.241 



87.752 
79.734 
89.520 
85,644 



App6 
Wcc7 
App8 
AppWcc9 



App6 
Wcc7 
App8 
AppAVcc 9 



49.641 
44.878 
61.211 
55.627 



,782 I 0.0032 
9.107 1 0 0001 
19.846 I 0.0001 
16.577 I 0.0001 



17.568 0.0010 

12.449 I 0.0032 

28.780 I 0.0001 

21.345 I 0.0001 



51.350 0.0087 

59.708 0.0001 

49.045 I 0.0042 

62.464 I 0. 0001 



81.124 
75.735 
90.360 
81.042 



O.OOOl 
0.000 1 
0.0001 
0.0001 



5.838 
14.608 
5.519 
9.670 



0.1669 

0.0001 
0.0845 
0.0011 



0.378 
0.289 
0.443 
0.696 



0.733 
0,638 
0.746 
1.024 



483] 
6^1 



2.848 
2.109 
2.592 
2324 



1.878 
1.202 
1.693 
1.321 



-14.316 
-26.888 
-0.863 
6.364 



33.534 
49.442 
27-815 
26.081 



35.530 
39.326 
24.786 
30.095 



0.1027 
0.0001 
0-0013 
0.0001 



72.042 
92.528 
66.441 
63.421 



0.0001 
0.0001 
0.0001 
0.0001 



-♦.731 
-25.85a! 
0.540 
-3.682 



0-6051 
0.0001 
0.9220 
0.2891 



0.668 

0.646 
0.526 
0.556 



3.429 
1.207 
1.123 
0-886 



1.876 
3.839 
1.883 
1.652 



1.490 
1-544 
0.949 
0.803. 



mi 

m 

6701 



0.79?! 



0.753 
0.9^^1 
0.836 
d.93t 



o:i$6 
o:^ 



o.im 

0^ 
0^ 



6^ 



0:5l|| 

o.o6j| 
0:2!^ 
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Figure 3 Log Max Wall Pressure versus ASG 



Figures Hardness versus ASG 
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Figure 4 Stability versus ASG 

1, it was stated that ASG is a fundamental 

It of coke structure. It can be used to relate coke 

parameters together and ako confirm coal charge bulk 
and heating conditions. As shown in the above 
, i this is very true. In fact, for stability, hardness and 
iiiere is a general paralleUsm between the various blends 
[i^ationship under these simulated conditions indicating 
■' some degree of independence on coal blend. For wall 
■diiexe is a greater dependence on coal blend. This is 
"t considering that both Appalachian and Western 
coals have been used. These coal types have known 
in vitrinite, reactive semifusinite and inert levels. 



Figure 6 CSR versus ASG 

Conditions that lead to higher ASG also lead to higher wail 
and gas pressures, 

4.2 Main Effects-Phase 2 Methodology: 

Although several valid statistical relationships have been 
developed in Phase 1 and reproduced so far in Phase 2, the 
main intent of this work was to investigate coal properties in 
conjunction with cokemaking conditions under industrial 
similar conditions. A better understanding is desired about the 
interrelationship that exists between them and their fmal effect 
on coke quality. 
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When terms are added to the regressions, they must make 
sound, fundamental sense. The intention was not to improve 
the statistics for the sake of improved mathematics. Close 
attention has been paid to the multicoUinearity that does exist 
between several of the variables and rules outlined in Section 
3 . 1 have beai adhered to. There exists no perfect solution for 
these regressions and several of them could have been 
developed slightly different from what is presented. For 
example, there are many ways to represent coal rank. Coal 
reflectance, coal volatile niatter (daf) and even coke mosaic 
size index are all possibilities. When coal or coke inerts were 
used, the preference was to use coke inerts because of the 
higher estimated reactivity of the Western Canadian coal 
semifusinite compared to similar ranked Appalachian coals. 
When the regressions were performed, the decision was to use 
the most conventional properly such that apphcation of these 
equations could be performed in a typical industrial situation 
The parameters in the following equations are listed by 
cokemaking parameters first and coal properties second. 

4.21 WaU Pressure: 

Wall pressure was derived \ising log wall pressure. Wall 
pressure was explained by the following equation using coal 
charge bulk density, coal rank and coke inerts: 



1^- 



- 1 



Log Wall Pressure 



-10.259+0.0083 (ASTMB.D.) 
+ 5.249 (Ro) - 0.0199 (Coke 
Inerts) 



R'=0.746 RMSE=0.46.6 Prob>F=0,0001 



(i) 




I 2 3 

Predictea Log Msx. Wall Pmjure 



Figure 7 



Actual Log Max. Wall Pressure versus 
Predicted Log Max. Wall Pressure 



A decrease in coal charge bulk density and coal rank along 
with an increase in coke inerts resulted in a lower wall" 
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pressure. The coeflBcient for bulk density was similar to 
was reported in Table VIIL The partial r^ 's indicate that KUi 



s rqxjrted in Table VIIL The partial r^ 's indicate 
density at 62% was the most predominate factor. 

4.22 Gas Pressure: 

Gas pressure was derived using log gas pressure:^! 
pressure was explained by the following equation using cE^^ 
bulk density and coal rank: 



Log Gas Pressure = 



-16.567 +0.0124 (ASTMBii 
+ 7.628 (Ro) 



R'=0.688 RMSE=0.758 Prob>F=0.0001 




1 2 3 4 

PrediicUd Log Msl Qaa Pmsm 



Figures 



Actual Log Max. Gas Pressure 
Predicted Log Max. Gas Pressure 



A decrease in coal charge density and coal rank result&f} | 
lower gas pressure* The coefi&cient for bulk dcnsi^<| 
similar to what was reported in Table VIII. The partiaf i 
indicate that bulk density at 59% was the most pr 
factor. 

4.23 Apparent Specific Gravity: 

Apparent specific gravity was explained by the foil 
equation using coal charge biilk density, heating rate. to f 
final center temperature, coal rank and coke inerts: J;^! 

ASG = 0.444 + 0.00057 (ASTM B.D.) -0.001 5 { 

0.00014 (FCTemp) - 0.077 (Ro) + 0.0020 
Inerts) 

RM),907 RMSE-0.0176 Prob>F=0.0001 : V|| 

■ • 

An increase in coal charge bulk density, slower heating ^| 
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higher final center temperature, lower coal rank and increased 
coke inerts resulted in a higher coke ASG. The coefficients 
for biilk density, heating fate and filial center temperature were 
similar to what was reported in Table VIU. The partial r^'s 
indicate that bulk density at 83% was the most predominate 
factor. 




0^ OJOO 



Figure 9 Actual ASG versus Predicted ASG 
|f;24 Coke Yield: 

^^okc yield was explained by the following equation using 
pal charge bulk density, coal fluidity range, coal rank and 
ipd inerts: 

^ Yield (%) = .7.165 + 0,0064 (ASTM B.D.) + 0.193 
(Fluid Range) + 30.051 (Ro) + 1.122 
(Coal Inerts) 

R^.724 RMSE=1.569 Prob>F=0,0001 (iv) 




9 of 17 
ISP0086 



An increase in coal charge bulk density, wider coal fluidity 
range, hi^er coal rank and increased coal inerts resulted in a 
higher coke yield. It should be noted that in Table VIII, with 
out coal properties being included, a significant regression 
was unsuccessful. The partial i^'s indicate that coal rank at 
47% was the most significant factor with both fluidity range 
and coal inerts accounting for 10% respectively to the model. 
With a narrow range in yield of 65 to 79% since industrial 
based blends were used, this limited range can make it 
difficult to develop a more significant relationship for yield. 

4.25 Coke Size: 

Mean coke size was explained by the following equation 
using coal charge bulk density, heating rate to 900**C, soak 
time and coke inert levels: 



Mean Coke Size (mm) = 



112.710 - 0.0209 (ASTMB.D.) 
- 1.056 (HR900) + 0.345 (Soak 
Tim6) - 0,133 (Coke Inerts) 



RH).778 RMSE=1.922 Prob>F=0.0001 
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Figure 11 



Actual Mean Coke Size versus Predicted 
Mean Coke Size 



70 73 



A decrease in coal charge bulk density, slower heating rate, 
longer soak time and lower level of coke inerts resulted in a 
higher mean coke size. The coefficients for bulk density and 
heating rate were similar to what was reported in Table Vm. 
The partial r^'s indicate that heating rate at 59% was the most 
predominate factor followed by bulk density at MVo. 



^§ Actual Coke Yield 



versus Predicted Coke Yield 



For the size fractions measured, the following equations were 
developed: 



1998 ICSTI/IRONMAKING CONFERENCE PROCEEDINGS - 1031 



iufci^^m^ 131-124 . 0.0392 (ASTMB.D.). 2.178 

Filed 05/01/2001 (hr9oo) - 4.009 (Coal Ash) + 0.913 

(Cokelnerts) 

R'K).841 RMSE=3.644 Prob>F=0.0001 (vi) 

-75+50nim (%) = 63.105 - 0.0168 (ASTM B.D.) - 0.0425 
(Days) + 16.863 (Ro) - 2.174 (Coal Inerts) 
+ 3.541 (Coal Ash) 

R^.480 RMSE=2.909 Prob>F=0.0001 (vii) 

-25nim (%) = 4.933 + 0.0957 (HR900) + 0.0539 (Coke 
Ineits) + 0.0298 (Days) - 4.011 (Ro) 



R^O.670 RMSE=0.591 Prob>F=0.0001 
4.26 Stability: 



(viii) 



Stability was explained by the following equation using 
coal charge bulk density, heating rate to 900X, final center 
temperature, days to perform tests and coal rank: 

Stabihty (%) = 0.0562 + 0.0245 (ASTM B.D.) - 0.493 
(HR900) + 0.0150 (FCTemp) - 0.0243 
(Days) +30.008 (Ro) 

R^.845 RMSE=1.691 Prob>F=0.0001 (be) 




50 55 
Predicted Stability (M) 



Figure 12 Actual Stability versus Predicted Stability 

An increase in coal charge bulk density, slower heating rate, 
higher final center temperature, decreased coal storage time 
. and higher coal rank resulted in a higher stabihty. The 
coefficients for bulk density, heating rate, fmal center 
temperature and days were similar to viliat was reported in 
Table VIII. The partial r^ *s indicate that bulk density at 54% 
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was the most predominate factor followed by coal rank at 
and heating rate at 1 0%. 

4.27 Hardness: 

Hardness was explained by the following equation u^ 
coal charge bulk density, final center temperature and^^ 
rank: 

Hardness (%) = 1 .473 + 0.0488 (ASTM B.D ) + 0 OlP 
(FCTemp) + 9.855 (Ro) * 



R'-0.920 RMSE=1.291 Prob>F=0,0001 



■■is 



75 



O App6 
O Wcc7 
A App8 




55 60 65 70 
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Figure 13 Actual Hardness versus Predicted Hardness-; 

An increase in coal charge bulk density, higher final centel J 
tenqjerature and higher coal rank resulted in a hij^Jial^^^ 
hardness. The coeflQcients for bulk density and final cente^ 
tar^erature were similar to what was reported in Table Vlfi^ 
The partial r^'s indicate that bulk density at 87% was the ihosil-^ 
predominate factor in ejqplaining hardness. Although days 
out of this equation, it only contributed 0.5% to the eq[uati#|r 
shown in Table Vin. Z^^" 

4.28 DI 30/15: 

DI 30/15 was e?q>lained by the following equation usiii^^ 
coal charge bulk density, heating rate, final cento^ 
temperature, coal rank, coke ash and coke inerts: 

DI 30/15 (%) = 80.348 + 0.0025 (ASTM B.D.) - 0.09?^ 
(HR900) + 0.00377 (FCTemp) + 7.733jj^ 
(Ro) + 0.448 (Coke Ash) - 0.138 
Inerts) 



R^=0.699 RMSE=0.613 Prob>F=0.0001 



xife^ 
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\ Figure 14 Actual DI 30/15 versus Predicted DI 30/15 

>An increase in coal charge bulk density, slower heating rate. 
■ higjier final center temperature, higher coal rank, increased 
:cQke ash lower coke inert levels resulted in a higher DI 30/1 5. 
^The coefficients for bulk density and heating rate were similar 
^ what was reported in Table Vm. The partial r^ 's indicate 
;;that coal rank at 20% was the most predominate factor 
Mowed by bulk density at 18%, coke ash at 12% and coke 
inert levels at 10% in explaining DI 30/15. Although days fell 
•put of this equation, it only contributed 6% to the equation 
diown in Table VIII. 



i|4.29 DI 150/15: 

1^; 150/15 was e)q)lained by the following equation using 
charge bulk density, soak time, coke inerts and coal rank: 

150/15 (%) = 47.800 + 0.0221 (ASTM B.D.) + 0.256 
(Soak Time) - 0.0959 (Coke Inerts) + 
"W^-':: 15.725 (Ro) 



R^-710 RMSE=1.444 Prob>F=0.0001 (xii) 

increase m coal charge bulk density, longer soak time, 
^^^^^^ higher coal rank resulted in a 
^mgher DI 150/15. The coefficient for bulk density was 
P^pUar to what was reported in Table VUI. The partial 's 
^^cate that bulk density at 53% was the most predominate 
'^followed by coal rank at 12% in e^qjlaining DI 150/15. 
ough heating rate and days fell out of this equation, they 
WTabl^^^v??^^ ^'^^ respectively to the equation shown in 
^ vm. Soak time shows up in Equation xii. but only 
g|Pnbutes 2% to the overall variance accounted for. 



Figure 15 Actual DI 1 50/1 5 versus Predicted DI 150/1 5 
4.30 CRI: 

CRI was explained by the following equation using coal 
charge bulk density, final center temperature, coal rank, coke 
inerts and coke ash basicity index: 

17.468 + 0.120 (HR900) - 0.0121 
(FCTenq)) + 0.165 (Coke Inerts) + 13.935 
(Coke AB Index) 

R'=0.797 RMSE=1.313 Prob>F=0.0001 (xiii) 
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Figure 16 Actual CRI versus Predicted CRI 
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An increase in healing rate, lower final center temperature 
increased coke inert levels and a higher coke ash basicit^^ 
mdex resulted in a higher CRI index. Although bulk densi^ 
dropped out of the equation as shown in Table Vin it only 
^coimtedforS'/oandwasmarginallysignificant. Thepartial 
r's indicate that coke ash basicity index at 68% was the most 
predominate factor followed by coke inert levels at 6% 
Heating rate and final center temperature at 2.4% and 3 7% 
respectively were minor contributors to the CRI index 
Vanance accounted for increased from 5% in Table yiD to 
80% when coal properties were included. In Figure 16 the 
four distinct levels of ash basicity index can be seen for the 
coal blends used. 

4.31 CSR: 



CSR index. Variance accounted for increased from 39 9% L 
Table Vni to 84.0% when coal properties were included 
Although days fell out of this equation, it only contributed 3y 
to the equation shown in Table VHI. If " one con9>ares FigmJ 
2 with Figure 17, a significant improvement can be seen. 

Coke mosaic size index could have been used instead of 
coal reflectance (Ro), but since rank was not a stron* 
conbibutor, it was decided to use the most convention^ - 
parameter. ■ ■ 

A very significant relationship can be seai in Figure 
between CSR and hardness for each coal blend used: 0 



CSR was explained by the following equation using coal 
charge bulk density, coal rank, final center temperatiire coke 
basicity index and coke inerts: 

17.403 + 0.0404 (ASTM B.D.) + 16 106 
(Ro) + 0.0235 (FCTemp) -154.161 (Coke 
Basicity Index) - 0.644 (Coke berts) 

R'=0.840 RMSE=2.590 Prob>F=0.0001 (xv) 
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Figure 17 Achial CSR versus Predicted CSR 

An increase in coal charge bulk density, higher coal rank, 
higher final center temperatiire. lower coke basicity index and 
lower coke inert levels resulted in a higher CSR index. The 
coefficient for bulk density was similar to what was reported 
m Table Vm. The partial r^'s indicate that bulk density at 
33/0 was the most predominant factor followed by the coke 
basicity index at 28% and coke inert levels at 17% in 
ej^lainmg CSR Coal rank and final center temperature at 
1 .9% and 4.6% respectively were minor contiibutors to the 
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Figure 18 CSR versus Hardness 



This relationship is reasonable if the CSR and hardn^J 
regressions are compared The combined effect of buSI 
density, final center temperature and coal rank are majSl, 
contributors to each of their developed equations respectivdt^ 

4.32 Coke Mosaic Size Index: 

The coke mosaic size index which is an indication of 
order of the coke structure was calculated from till 
corresponding coke texture analysis. A regression equati<i| 
was developed as follows: 

CMSI = -2.636 + 0.00028 (ASTM B.D.) + 0.0096 (HR9O0)| 
+ 0.0177 (Soak Time) + 4.023 (Ro) 

R'=0.874 RMSE=0.087 Prob>F=0.0001 (x 

Higher charge bulk density, faster heating rate, longer 
time and hi^er coal rank lead to a higher coke mosaic f""^ 
index. Mosaic size index was very much dependait on C -^^ 
rank which accounted for 84% of the variance accounted ,^ 
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Figure 19 Actual CMSI versus Predicted CMSI 
5. DISCTTS-S^ O ftf 

The conditions chosen were thought to realistically 
imulate actual conditions in an industrial oven, especially 
smg oil additions to control bulk density.'-* Significant 
sgressions were developed for ASTM bulk density, oven bulk 
fflsity. waU and gas pressures, coke ASG. coke size and size 
stnbution, stabiUty, hardness, DI 30/15, DI 150/15. CSR, 
RI and coke mosaic size index. 

Regressions developed in Phase 1. were repeatable in 
lase 2. Regression parameters and their associated 
imencal coefficients were very similar in Phase 2 using 
lase 1 methodology. Increased coal moisture resulted in 
creased charge bulk density, oven pressures and coke 
"Orty such as strength. ASG and CSR. The importance of 
al moisture and bulk density control can be seen in Tables 
I and vm. A slow heating rate and hi^i final center 
nperature had a positive effect on ASG, coke irtrength and 
<e size. Coal storage time had a negative effect on 
>sequent coke quaUty. The importance of coke ASG as a 
wrol parameter can be also seen in table K. Significant 

0 regressions were developed for wall and gas pressures 
K strength and CSR 

In the development of Phase 2 regressions, when coal 
amcters were added to the originally derived Phase 2 
jessiOTs, the cokemaking parameters such asW density 

1 center temperature and heating rate and their associated 
wncal coefficients were similar to those originally derived 
'indicates the independence that these parameters have in 
^lopment of these regressions and how important it is 
mirol these during cokemaking. As seen in the developed 

«ons, vAim coal properties were added, variance 



a^mted for increased and root mean square of the equations 

Of all the coal properties added, coal rank was the most 
significant Increased coal blend rank ( Ro=1.14-l 30%) 
resulted in high« wall and gas pressures along with lower 

150/15 aSld^SR °' 

Coke inerts were also significant It must be considered 
that m tlus program Western Canadian coals have been used 

andthalthecoal blend inertlevels might be higherthan levels 
used for 100% Appalachian industrial blends. Higher coke 
inert levels lead to decreased wall pressures, higher coke 

Jn^f '^^^ 150/15 and lower DI 

30/15. CRImcreased and CSR decreased. 

For the coals used and the time frame that the program was 
completed m, decreased rheological properties were not 
major contnbutors to the regressions. Since the coal blends 
were fixed m an industrial range, rheological property range 
was hmited. One should also consider the fact that Western 
Canadian coals, although having lower rheological properties 
than comparable Appalachian coals, will still make coke of 
""Ti™^**'"^"^ as seen in this shidy and in Phase 1 . Where 
coal Geological properties were significant, it was found that 
a high degree of multicollinearity existed among several of the 

coal parameters. For example coalrank and maximum fluidity 
are hugWy correlated. The preference was to use rank in this 
study when this situation arose. In the equations that days to 
complete the study was significant, this indicated that coal 
ibeology was important and must be considered, however we 
were not able to represent this with the conventional 
rheological test parameters; By examining the statistics i e 
vanance accounted for, for the regressions in this study, it can 
be staled that the largest contributors have been identified 
The effect that coal rheological properties would have on 
these equations is thought to be not as significant. 

In the development of CRl and CSR equations, there has 
r,!*"'If7 significant improvements in these regression with 
the addition of coal parameters. Besides the importance of 
coal charge bulk density, the importance of coke ash chemistry 
expressed as a basicity ratio on CRI and CSR was clearly 
demonstrated. Also demonstrated was the important 
mtenehtionship between CSR and hardness. The factors that 
control hmlness, assuming an adequate coal ash chemistry 
will also effect CSR. 

£ iNPUSTBIALAPl>f .TrAT7n;vg ^ 

With the trend in North America and in fact around the 
world to higher productivity blast furnaces, the demands on 
coke quality are increasing. With higher levels of injectant 
there is a ^end to lower coke rates and the coke being used 
must be of superior quality in both level and consistency 
High cold and hot strength, adequate size and tight size 
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distnbution, ability to maintain its integrity and resist 

breakdown to and within the blast furnace is becoming a 

standard requirement being asked of cokemakers today. With 

the completion of this program, it is desired that potential for 

coke quality improvements be recognized and an action plan 

conceived such that these demands can be met 

As previously discussed in "Simxilation Of Industrial 
Coking - Pliase 1 Dofasco has an ongoing study to measure 
and reduce the variation of cokemaking parametCTS that aflfect 
coke quality, hence blast furnace performance. To date work 
has been ongoing in measuring and controlling : 

• coal moisture, 

• coal bulk density, 

• carbonization rate and 

• fmal coke temperature. 

From Phase 2, additional parameters include coal rank, inert 
levels and coke ash chemistry. To start, Dofasco is 
investigating coals with higher inert levels and a more 
favourable ash chemistry to improve ASG and CSR 
respectively. 
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cokemaking regressions, these cokemaking paramet^l 
and their associated cocflBcicnts were retained in the t 
regression and were numerically similar. >; J? 
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7. CONCLUSIONS 

la) Coal moisture influenced all responses measured. 
Increased coal moisture resulted in a lower coal charge 
bulk density, strength, ASG, CSR and wall and gas 
pressures. 
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bulk densities at higher moisture levels. 

c) Lower charge bulk density resulted in lower wall and gas 
pressures and lower coke strength, ASG, yield and CSR. 
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d) Slower heating rates resulted in increased coke size, 
strength and ASG. 

e) Higher final center temperature resxilted in increased 
ASG. strength and CSR. 



2) Coal rank was the most predominant coal factor. 
Increased coal rank resulted in an increase in wall and 
gas pressures, lower ASG, higher yield, strength and 
CSR. 

3) Inert levels were significant contributors to coke quality. 
Increased inert levels resulted in lower wall and gas 
pressures, higher ASG, yield, lower coke size, strength 
and CSR. 



4) Coke ash chemistry was a major factor in e)q)laining coke 
CRI and CSR_ 



5) When coal properties were added to the existing 
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Tenns used in the regression analysis are defined as follows: 



a) CoalH20 

b) Coal35 

c) OU 

•j^FCTen^ 
-^)HR900 
}^:f)Soak Time 
[ g) iFluid 
|li)Days 

|i)llo 

^ j) Coke AB Index 
||k)Bjasicity Index 
f^j^ Fluid Range 
15 m) Coke Inerts 



a)CMSI 



=CoalHjO(%) 
=Coai -3.5mm (%) 
Oil addition (%) 

=Final Center Coke Tcnq)craturc (*C) 
=Coking Rate to 900*C (mm/hour) 
=Gross Coking Time-Time to 950*C (hour) 
=Coal Blend Log Maximum Fluidity 

=Defined as the number of days to perform the movable wall oven test work with the first movable wall 

oven test labelled zero (days) 

=Mean maximum vitrinite reflectance (%) 

=CokeAsh*(CaO+MgO+Fe203+K20+Na20)/ (Si02+A1203) 

=(CaO+MgO+Fc203+K20+Na20)/(Si02+A12d3) 

=Temperature range measured from softening to resolidification in Gieseler test 

=Measured microscopically by point counting 

=[(very fine mosaic) + 2(fine mosaic+medium mosaic) + 3(course mosaic+fine flow+medium flow) + 
4(course flow+fine ribbon) + 5(medium ribbon+course ribbon)]/[100-isbtropic-inerts] 
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Parameter 

ASTMB.D. 
(kg/cm*) 
OvenB.D. 
(kg/cm') 
Log Max. 
Wall Pressure 
Log Max. 
Gas Pressure 



APPENDTXB 
Table I Phase 1 Regression Analysis 
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Intercept 

1033.698 
858.441 
913.879 
898.223 

4.021 

2.720 

5.619 

2.534 



CoaimO 

-26.594 

■18.503 

-23.691 

■18.596 

-0.349 

-0.175 

-0.550 

-0.313 



CoaUS 
T957 



oa 

55!275 
219.953 

80.929 

0.883 



FCTcmpI HRyOO 



Days 



-0.373 



Fluid 



Frob>F 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0001 
0.0050 



RMSE 

IT^o 

27.33 
8.12 
14.91 
0.382 
0.214 
0.377 
0.909 



01960 
0.841 
0.983 
0.926 
0.853 
0.827 
0.937 
0.398 



•L61.2.yjrJ 
-0.73.234' ' 



0.940 
0.933 



-0.0148 
-0.0144 



-0.0014 



0.00022 



4)0026 



0.0881 



0.0001 
0.0001 



0.013 
0.013 



0.942 
0.898 



0,80O-q.9i^ 
0^847-0.5*61 



Yield 



72.0-rMS 
72.8-81^1 



Mean Coke 
Si2e(mm) 



92.745 
95.861 



0.778 



^.060 



-1.206 
-1.244 



0.0001 
0.0001 



1.16 
1.19 



0.928 
0.929 



53.6-64j| 
51.1-64^1 

7- 5-30.l| 

8- 5-30:6t 



+75ram 

m 



75+50xnm 

W 



75.458 
70.291 



1.192 



-2.005 
1.738 



0.0001 
0.0001 



1.71 
2.97 



0,945 
0.810 



58.736 



-0.596 



35.4.53.;^ 
35.2-4ii 



25inra 

(%) 



0.995 
2.980 



0,224 



•1.756 



0.123 
0-077 



0.0001 
0.0001 



0.30 
0.49 



0.675 
0.691 



3.9-6.fl§ 
53..8.fli?| 



Stability 

W 



52.484 
51.131 



-1.067 
-1.089 



0.098 
0.235 



0.021 
0.017 



-0.577 
-0.786 



-0.060 



0.0001 
0.0001 



1.24 
1-63 



0,924 
0.894 



48.6^63.ii| 
46.1.62.i(i; 



Hardness 



60.488 
77.005 



-1.563 
-1.422 



-0.091 



0.021 



-0.018 
-0.084 



0.0001 
0.0001 



0.66 
2.14 



0.980 
0.803 



57.8-70.7| 
56.6.70Ji;| 



DI30/15 

W 



92.605 
95.005 



-0.096 
-0.331 



0.019 



0.0032 



-0.084 



2.116 



0.0001 
O.OOOl 



0.22 
0,61 



0.835 
0.684 



91.2-95.1? 
90.8-94^^ 



DI150/15 

W 



83.400 
77.900. 



-0.470 
-0.852 



0.089 



4.492 



0,0065 
0.0067 



-0.127 
-0.160 



-0;016 
-0.044 



0.0001 
0.0001 



0.50 
0.87 



0.917 
0.927 



79.7-84:9- 
75.5-85.5? 



CSR 
(%) 



61.301 
72.602 



-1.233 
-1.674 



10,284 



-0.099 



0.0001 
0.0001 



1.67 
2.61 



0.788 
0.811 



47.7-59.9. 
48.9-661; 



CRI 



33.083 
22.287 



0.018 
0.325 



0.0173 
0.0001 



1.11 
0.81 



0.321 
0.759 



27.5-31.7- 



A=Appalachian Blend W-Westem Canadian Blend 
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